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ABSTRACT 

A framework for  t h e  c o n s t r u c t i o n  of l u n a r  s u r f a c e  trav- 
erses i s  created, c o n s i s t e n t  w i t h  t h e  requirements  and c o n s t r a i n t s  
of t h e  J missions.  The framework r e p r e s e n t s  t h e  r e s u l t s  of  Apollo 
11 and Apollo 1 2  exper ience  a l t e r e d  f o r  J mission requirements  and 
c o n s t r a i n t s  w i t h  p r o j e c t i o n s  for  increased t echno log ica l  capab i l -  
i t y  and confidence.  Nominal and r ea l  t i m e  a l t e r n a t e  t i m e l i n e s  f o r  
t h e  54 hour l u n a r  s u r f a c e  s t a y  a r e  developed. Three 6 hour E V A ' s  
and t w o  7 hour rest pe r iods  a r e  provided.  
t w o  9 hour E V A ' s  and three 6 hour rest p e r i o d s  i s  a l s o  eva lua ted .  

A conf igu ra t ion  wi th  

Both t h e  LRV and  MALSEP a r e  assumed t o  be c a r r i e d .  A l l  
non- t raverse  a c t i v i t i e s  requi red  f o r  each EVA a r e  i d e n t i f i e d  and 
t h e  t i m e  a v a i l a b l e  fo r  t h e  t r a v e r s e  determined. On EVA 1 t h e  
t r a v e r s e  i s  2 hours and 20  minutes long ,  4 hours  are a v a i l a b l e  f o r  
t h e  t r a v e r s e  i n  EVA 2 ,  and t h e  EVA 3 t r a v e r s e  has  a l eng th  of  
3 hours  and 40  minutes. The c u r r e n t l y  agreed upon program assump- 
t i o n s  f o r  r i d i n g  and sc ience  a c t i v i t y  metabol ic  rates are used and 
nomographs f o r  t h e  c a l c u l a t i o n  of t r a v e r s e  d i s t a n c e  ve r sus  s c i e n c e  
t i m e  a v a i l a b l e  a r e  presented .  
and -7 PLSS are used. It i s  noted  t h a t  f o r  t h e  longer  t r a v e r s e s  
t h e  t i m e  and PLSS consumables l i m i t s  are evenly matched and t h a t  
consumables c o n s t r a i n  the  s h o r t e r  t r a v e r s e .  

I t  i s  assumed t h a t  t h e  A7LB s u i t  
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I n  o rde r  t o  perform J mission t r a v e r s e  p lanning ,  it i s  
necessary  t o  determine t h e  con tex t  and c o n s t r a i n t s  which d e f i n e  
t h e  c h a r a c t e r  of each EVA. Three s p e c i f i c  i t e m s  are cons idered  
he re :  t h e  schedul ing of t h e  3 E V A ' s  w i th in  t h e  5 4  hour l u n a r  
s u r f a c e  t i m e l i n e ,  t h e  determinat ion of t h e  t i m e  a v a i l a b l e  i n  
each EVA f o r  t h e  geologic  t r a v e r s e ,  and t h e  c a l c u l a t i o n  of t h e  
r e s u l t i n g  t i m e  and consumables c o n s t r a i n t s .  Together t h e s e  form 
t h e  con tex t  w i th in  which t r a v e r s e s  may be designed.  

LUNAR SURFACE STAY TIMELINE 

I t  i s  assumed t h a t  t h e  m a x i m u m  p o s s i b l e  p o r t i o n  of t h e  
5 4  hour l u n a r  s t a y  w i l l  be used f o r  EVA. 
hour E V A ' s  are planned here. This  r e p r e s e n t s  t h e  maximum t o t a l  
EVA t i m e  a v a i l a b l e  c o n s i s t e n t  wi th  p rov i s ions  f o r  adequate rest 
and t o t a l  s t a y  t i m e  l i m i t a t i o n s ,  and would appear a t  t h i s  t i m e  t o  
be wi th in  t h e  c a p a b i l i t i e s  of t h e  A7LB s u i t  and -7 PLSS proposed 
f o r  t h e s e  missions.  
r e q u i r e  a r educ t ion  i n  t h e  number of E V A ' s ,  a decrease  i n  rest  
t i m e ,  modi f ica t ion  of p r e  and p o s t  EVA procedures ,  o r  an i n c r e a s e  
i n  s u r f a c e  s t a y  t i m e .  

Consequently t h r e e  6 

Extension of EVA t i m e  beyond 6 hours  would 

The t i m e l i n e s  proposed he re  r e p r e s e n t  t h e  r e s u l t s  of 
Apollo 11 and Apollo 1 2  experience p r o j e c t e d  i n t o  t h e  extended 
s u r f a c e  s t a y .  The t ime l ines  provide  t w o  7 hour rest p e r i o d s ,  
2 hours of p o s t  touchdown checkout, and 2 hours  f o r  l i f t o f f  
p r e p a r a t i o n  (and e a t i n g ) .  Two hours  are provided f o r  EVA prep- 
a r a t i o n s  p r i o r  t o  each EVA, and 2 hours  f o r  p o s t  EVA a c t i v i t y .  
ExceptFms are the 2 1/2 hours provided be fo re  t h e  f i r s t  EVA and 
a f t e r  t h e  l a s t  EVA. Any changes i n  t h e  p r e  and p o s t  EVA proced- 
u r e s  which would s i g n i f i c a n t l y  reduce t h e  t i m e s  involved could 
r e s u l t  i n  e i t h e r  longer  rest p e r i o d s  o r  longer  EVA t i m e s .  

The a u t h o r ' s  p r e f e r r e d  t i m e l i n e ,  Plan A ,  i s  shown i n  
F igure  1. 
2 s l e e p  p e r i o d s ,  providing an evenly balanced t i m e l i n e .  The sun 

The 3 E V A ' s  a r e  on 3 s e p a r a t e  days,  s epa ra t ed  by t h e  
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angle  i s  shown a t  the beginning of each EVA, assuming 7' sun 
angle  a t  touchdown. The t i m e  s i n c e  t h e  l a s t  rest pe r iod  i s  
shown p r i o r  t o  each rest. This r e v e a l s  t h e  d isadvantage  of 
t h e  balanced p lan :  TD and LO days are both very  long ,  w i t h  
a very s h o r t  day between. 

Because of the b r e v i t y  of t h e  second day it i s  q u i t e  
p o s s i b l e  t h a t  t h e  crew would p r e f e r  t o  do a second EVA p r i o r  
t o  r e s t i n g ,  g iv ing  rise t o  t h e  r e a l  t i m e  a l t e r n a t e  shown i n  
F igure  2 .  I n  t h i s  c a s e  t h e  f i r s t  two days are long and LO day 
i s  of normal l eng th .  The choice between Plan  A and i t s  real  
t i m e  a l t e r n a t e  can  be made a t  any t i m e  p r i o r  t o  t h e  scheduled 
res t  pe r iod  a t  3 3 . 5  hours ,  p rovid ing  s i g n i f i c a n t  f l e x i b i l i t y  
f o r  t h e  c r e w .  

Should TD day be longer  than  a n t i c i p a t e d  f o r  any 
reason ,  o r  should the c r e w  be ove r ly  t i r e d ,  Plan B shown i n  
F igure  3 can be s u b s t i t u t e d .  T h i s  p rovides  a rest pe r iod  
immediately upon landing ,  followed by 2 E V A ' s  on a long second 
day and t h e  remaining EVA on LO day. These t h r e e  t i m e l i n e  
o p t i o n s  are summarized i n  Figure 4 .  

Continued development may permi t  s u i t  t i m e s  and PLSS 
c a p a c i t i e s  s u f f i c i e n t  f o r  s i g n i f i c a n t l y  longe r  E V A ' s .  I n  t h i s  
case t h e  18 hours  a v a i l a b l e  f o r  EVA may be divided i n t o  t w o  9 
hour E V A ' s  as shown i n  Figure 5. Extended E V A ' s  al low longe r  
t r a v e r s e s  a t  g r e a t e r  ranges from t h e  LM, thereby  i n c r e a s i n g  
t h e  s i g n i f i c a n t  s c i e n t i f i c  y i e l d .  Although t h e  i n d i v i d u a l  rest 
pe r iods  are 1 hour s h o r t e r ,  t h e  t o t a l  res t  t i m e  on t h e  s u r f a c e  
i s  increased by 4 hours  over t h e  prev ious  p l ans .  I n  a d d i t i o n  
t h e  three rest pe r iods  provided c r e a t e  an evenly balanced 4 day 
s u r f a c e  t i m e l i n e  w i t h  no long days.  N o  E V A ' s  are conducted on 

' T D  or  LO days,  and t h e r e  are no back-to-back E V A ' s .  These fac- 
t o r s  i n d i c a t e  t h e  va lue  of longer  E V A ' s ,  i f  they  are compatible 
w i t h  EMU c a p a b i l i t y .  Extension of t h e  l u n a r  s u r f a c e  s t a y  t i m e  
by 24 hours  would provide 1 a d d i t i o n a l  6 o r  9 hour EVA and 
s l i g h t l y  longer  rest  pe r iods .  

EVA TIMELINES 

T h e  3 E V A ' s  as presented  here are planned t o  consume 
t h e  f u l l  6 hours  a l l o t t e d .  The t i m e s  proposed f o r  the  a c t i v i t i e s  
shown r e p r e s e n t  t h e  r e s u l t s  of  Apollo 11 and Apollo 1 2  exper ience  
modified by t h e  requirements f o r  J mission a c t i v i t i e s .  A l l  t i m e -  
l i n e s  a r e  from depress  t o  r e p r e s s ,  and t h e  t i m e  a v a i l a b l e  f o r  t h e  
traverse i s  t h a t  remaining a f t e r  a l l  o t h e r  r equ i r ed  ac t iv i t ies  
have been provided f o r .  A s  i s  shown below, t h i s  t i m e  i s  d i f f e r e n t  
f o r  each EVA. 
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I t  i s  assumed t h a t  both an LRV and a MALSEP w i l l  be 
c a r r i e d  on t h e s e  miss ions ,  and MALSEP deployment i s  scheduled 
f o r  t h e  f i r s t  EVA, shown i n  Figure 6 .  The f i r s t  hour of t h e  
EVA i s  used f o r  t h e  b a s i c  a c t i v i t i e s  common t o  a l l  miss ions  
w i t h  t h e  except ion  t h a t  t h e  LRV deployment mechanism i s  act i -  
va t ed  du r ing  CDR e g r e s s .  The second hour i s  devoted t o  MALSEP 
deployment, assumed he re  t o  occur nea r  enough t o  t h e  LM t o  
make walking t o  t h e  s i te  more a t t r ac t ive  than  loading  MALSEP 
on t h e  LRV. A l a r g e  po r t ion  of t h e  t h i r d  hour i s  consumed i n  
t h e  completion of  LRV deployment, o f f l o a d i n g  a p p r o p r i a t e  equip- 
ment from t h e  LM and mounting it on t h e  LRV, and a p re l imina ry  
LRV checkout.  The nex t  2 hours and 2 0  minutes a r e  used f o r  t h e  
f i r s t  LRV t r a v e r s e ,  and t h e  f i n a l  p o r t i o n  of t h e  EVA invo lves  
o f f l o a d i n g  t h e  LRV, packing and t r a n s f e r r i n g  samples i n t o  t h e  
LM, and i n g r e s s .  

The second EVA, shown i n  F igure  7 ,  p rovides  t h e  long- 
e s t  t r a v e r s e  t i m e ,  4 hours.  Minimal a c t i v i t i e s  precede LRV 
p r e p a r a t i o n ,  and t h e  t r a v e r s e  begins  a t  t h e  beginning of t h e  
second hour.  L e s s  than  1 hour of pos t - t r ave r se  a c t i v i t i e s  are 
r e q u i r e d  t o  conclude t h e  EVA, as i n  EVA 1. 

The p re - t r ave r se  a c t i v i t i e s  of  EVA 3 ,  shown i n  F igure  8 ,  
r e q u i r e  even less t i m e  than  EVA 2 because t r a n s f e r  of consumables 
f o r  a cont inued s u r f a c e  s t a y  i s  n o t  r e q u i r e d .  Traverse t i m e  i s  
reduced t o  3 hours  and 40 minutes,  however, due t o  inc reased  
requirements  f o r  pos t - t r ave r se  a c t i v i t i e s .  During t h e  f i n a l  por- 
t i o n  of t h e  EVA 20 minutes a re  provided f o r  a c t i v i t y  a s s o c i a t e d  
wi th  s c i e n t i f i c  equipment i n  t h e  v i c i n i t y  of t h e  LM, and sample 
packing and t r a n s f e r  t i m e s  a re  extended t o  allow f o r  probable  
i n c r e a s e s  i n  t h e s e  a c t i v i t i e s  i n  t h e  f i n a l  EVA. The t h r e e  EVA'S 
a r e  summarized i n  F igure  9 .  

CONSUMABLES AND TIME CONSTRAINTS 

It  i s  assumed t h a t  t h e  A7LB s u i t  and -7 P L S S  w i l l  be 
used on t h e s e  miss ions ,  and t h a t  t h e  PLSS w i l l  have a c a p a c i t y  of 
6 4 0 0  Btu f o r  metabol ic  rate related consumables and a c a p a b i l i t y  
of  a t  least  6 hours f o r  time r e l a t e d  consumables. A 1 0 %  pad i s  

f u r t h e r  assumed t h a t  t h e  LRV w i l l  be a v a i l a b l e  f o r  a l l  t r a v e r s e s .  
prGi,iided for E&tZbGliC CGfiS.&iZb:eS ZVai:Zb:e for  the E'V'A. I t  iS 

Cons i s t en t  w i t h  va lues  c u r r e n t l y  agreed upon by t h e  pro- 
gram (l), an average metabolic ra te  of 1 1 0 0  Btu/hr is  assumed f o r  
a l l  a c t i v i t i e s  except  r i d i n g  t h e  LRV, which i s  assumed t o  be 700 
Btu/hr. For walkback from a d i s a b l e d  LRV a metabol ic  rate of 1 4 0 0  
Btu/hr i s  assumed t o  correspond t o  a 4 km/hr lope.  This  va lue  was 
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developed t o  account f o r  s lope ,  s u r f a c e ,  and wander e f f e c t s .  Most 
r e c e n t  d a t a  seems t o  i n d i c a t e  t h a t  it i s  very  conse rva t ive .  I t  i s  
f u r t h e r  assumed t h a t  t h e  SLSS as w e l l  as t h e  PLSS may be used f o r  
walkback, providing 2 4 0 0  B t u ,  or  6 km of walking c a p a b i l i t y  (and 
15 min. fo r  LM i n g r e s s ) .  It i s  conceded t h a t  t h e  requirement  f o r  
t h e  use of both t h e  PLSS and SLSS t o  provide walkback c a p a b i l i t y  
w i l l  r a r e l y  occur ,  and then only a p o r t i o n  of t h e  SLSS w i l l  
a c t u a l l y  be r equ i r ed .  

F igu res  1 0 ,  11, and 1 2  are nomographs f o r  use i n  t h e  
c a l c u l a t i o n  of  t r a v e r s e  d i s t a n c e  v e r s u s  sc i ence  t i m e  f o r  t h e  3 E V A ' s .  
An exp lana t ion  of t h e  s t r u c t u r e  and use of these nomographs has 
been publ i shed  previous ly  ( 2 ) .  Each char t  shows t h e  t r a v e r s e  t i m e  
l i m i t  developed above f o r  t h a t  EVA as w e l l  as  t h e  PLSS consumables 
l i m i t  a f t e r  p rov i s ion  f o r  t h e  1 0 %  pad and non- t raverse  ac t iv i t i e s .  
I t  appears  f r o m  these charts t h a t  t h e  t i m e  and PLSS consumables 
l i m i t s  are evenly matched f o r  t h e  longer  t r a v e r s e s ,  and t h a t  t h e  
f i rs t  t r a v e r s e  i s  cons t ra ined  by consumables. 

SUMMARY AND CONCLUSION 

For a 5 4  hour luna r  s u r f a c e  s t a y  three 6 h o u r  EVA'S and 
t w o  7 hour rest  pe r iods  o r  t w o  9 hour EVA'S  and t h r e e  6 hour rest 
p e r i o d s  can be accommodated. Although 6 hour EVA'S are c o n s i s t e n t  
w i t h  l i m i t e d  PLSS capac i ty  and short p r e s s u r i z e d  s u i t  t i m e s ,  they  
r e s u l t  i n  long LO o r  T D  days,  o r  i n  back-to-back E V A ' s .  T h e  9 hour 
EVA op t ion  r e q u i r e s  increased  c a p a b i l i t i e s ,  b u t  provides  an evenly 
balanced t i m e l i n e  wi th  a normal 1 6  h o u r s  of a c t i v i t y  between sleep 
pe r iods .  

Assuming t h a t  b o t h  t h e  LRV and MALSEP are flown, a s soc ia -  
ted deployment a c t i v i t i e s  l i m i t  t h e  LRV t r a v e r s e  i n  t h e  f i r s t  EVA 
t o  2 hours  and 20  minutes.  T h e  EVA 2 t r a v e r s e  i s  4 hours  long ,  
and 3 hours  and 40 minutes a r e  a v a i l a b l e  f o r  t h e  t r a v e r s e  i n  EVA 3 .  
The h igh  metabolic cost  of t h e  non- t raverse  a c t i v i t i e s  i n  EVA 1 
r e s u l t  i n  PLSS consumables l i m i t a t i o n s  on t h e  first traverse. The 
t i m e  and consumables l i m i t s  are matched f o r  t h e  o ther  two t r a v e r s e s .  

The information developed .here has been c r e a t e d  t o  f o r m  
a framework f o r  t h e  cons t ruc t ion  of l u n a r  s u r f a c e  t r a v e r s e s  con- 
s i s t en t !  with t h e  requirements and c o n s t r a i n t s  of t h e  J miss ions .  
Necessa r i ly  a t  t h i s  s t a g e  i n  t h e  development of t h e  l u n a r  explor -  
a t i o n  program a l a r g e  number of assumptions have been r equ i r ed  t o  
produce t h i s  framework. An a t t empt  has  been m a d e  t o  l i s t  these 
assumptions and t h e i r  r a t i o n a l e .  A l l  of t h e  a s s u m p t i a s  have been 
based on t h e  b e s t  information c u r r e n t l y  a v a i l a b l e  w i t h  reasonable  
p r o j e c t i o n s  f o r  increases i n  t echno log ica l  c a p a b i l i t y  and confidence.  
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Any traverses based on this framework will be realistic to the 
extent that these assumptions are reasonable, and suggestions 
for modifications are welcomed by the author. 

2032-PB-tla 

Attachments 
Figures 1 - 12 

P. Benjami p’ 
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FIGURE 11 - TRAVERSE #2 PLANNING CHART 
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